Stem cell-based regenerative therapy can be considered an innovative approach for curing dental caries. Pulp stem cells from human exfoliated deciduous teeth (SHEDs) represent a source of committed cells for generating odontoblasts in vitro; however, SHEDs are not easy to obtain and are limited in quantity. Umbilical cord-derived mesenchymal stem cells (UC-MSCs) are considered to be adult stem cells that can be easily obtained in large numbers. Here, SHEDs and UC-MSCs were conditioned in custom-made serum-free culture media in order to induce differentiation towards odontoblasts. SHEDs and UC-MSCs were expanded in vitro and differentiated into odontoblasts for 21 days using a medium containing transforming growth factor-β (TGF-b3), hepatocyte growth factor (HGF) and growth differentiation factor 5 (GDF5). The ability to induce odontoblast differentiation with a straightforward clinical protocol in compliance with good manufactoring practice (GMP), which avoids animal reagents, and uses unrelated stem cells of unrestricted availability, may be a first step towards a new innovative approach for dentin regeneration.
Introduction
The treatment protocol of penetrating caries involves root canal treatment, which removes the inflamed tissue and nociceptive nerve endings, ensures pain sedation and prevents outbreaks of infection with undesirable outcomes on the overall health. The loss of the pulp, however, also results in the failure to supply nutrients and oxygen to the dentin, with consequent modification of the mechanical characteristics of the tooth which, no longer perfused, becomes fragile. To this end, the prosthetic restoration of teeth-especially premolars and molars-that have received endodontic treatments is highly recommended for preservation purposes. Like all intraoral appliances, the fixed prosthesis constructed as such is subjected to a life suspensions of dental pulp were seeded into 100 mm plates with alpha modification of Eagle's medium supplemented with: 20% FBS, 100 μM l-ascorbic acid, 2 mM l-glutamine, 100 units/ml penicillin and 100 μg/ml streptomycin, followed by incubation at 37°C in 5%
CO2.
Extraction and Expansion of UC-MSCs
After obtaining patient's own informed consent, Briefly, the UC samples were collected and immediately processed. Firstly, the UC was cut into 3 cm long segments, which were subsequently cut longitudinally and split open to expose the inner surface.
The UC segments were transferred to a 60 cm 2 Petri dish 
Immunophenotypic Characterization of SHEDs and UC-MSCs
Immunophenotyping of the expanded SHEDs and UC-MSCs was done using flow cytometry at the P1 passage of culture. events and using CellQuest software (BD).
Induction of Odontoblast Differentiation
The formulation of the medium able to induce odontoblastic differentiation quickly and efficiently was developed by mixing the bioactive molecules reported in Table 1 according to the combinations of Table 2 .
Transforming growth factor-β (TGF-b3), hepatocyte (BMP-2), and growth differentiation factor (GDF5) were purchased from Peprotech Ltd, UK. The dosage of these molecules was 0, 10 and 100 ng/ml for TGF-b3 and HGF and 0, 50, 500ng/ml for BMP-2 and GDF5. Each dosage was assigned a code of either 0, 1 or 2 (Table 1) , for a total of 13 different combinations.
Platelet lysate (PL) was also evaluated as an additive in the medium to replace the bovine serum, and alkaline phosphate enzymatic staining (from Sigma, Italy) was performed.
Immunocytochemical and Immunofluorescence

Analysis
Immunocytochemical analysis was performed on the chamber slides after odontoblastic differentiation, in both SHEDs and UC-MSCs , using a DSPP antibody (sc- 
Results
SHEDs and UC-MSCs were extracted, selected and expanded as described in the Materials and Methods 
Immunophenotypic Characterization of SHEDs and UC-MSCs
Immunophenotyping analysis indicated that cellular populations obtained after purification expressed the specific markers of a stem cell population. Indeed, MSCs of both origins were positive for CD44, CD29, CD105, CD73, and CD90, and negative for CD34. FACS analysis of SHEDs and UC-MSCs is shown in Figure 1A 
Induction of Odontoblast Differentiation
The ability of SHEDs and UC-MSC to give rise to 
Immunocytochemistry and Immunofluorescence
Analysis
The odontoblastic phenotype was then demonstrated using Dentin Sialo Phospho-Protein (DSPP), a specific marker of odontoblasts. Figure 3 shows immunocytochemistry staining of DSPP in SHED cells ( Figure 3A 
Conclusions
The aim of this study was to explore the feasibility of applying a growth factor mixture to different stem cell populations in order to create the basis of an innovative treatment for penetrating caries. Simvastatin was shown to be more efficient in increasing DSPP expression compared to BMP-2. This approach may be interesting since simvastatin may be used with diferent scaffolds and is reported to promote bone deposition to exert anti-inflammatory activity (28) .
Finally, HGF is involved in the morphogenesis of tooth germ in murine molars as reported by Tabata et al. (29) .
As far as the source, MSCs can be obtained from In conclusion, the development of an animal reagent-free medium for differentiation towards odontoblasts is and the use of stem cells from different sources is just one peculiar aspect of the unrestricted and new perspectives in regenerative medicine.
